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(54) Hybrid drive system 

(57) In a state a vehicle is stopped at an intersec- 
tion, an inf initely variable transmission (18) is in a neu- 
tral position, a motor/generator (2) rotates with a low 
speed, an oil pump (10) and an auxiliary equipment (39) 
are in rotating state. At that time, an input clutch (6) is 
disengaged, and the internal engine (1) is stopped. 
When the vehicle is started, a continuously variable 
transmission (11) performs continuous shift control from 
the neutral position using hydraulic pressure from the oil 
pump (10), and the rotation of the motor/generator (2) is 
transmitted to drive wheels via a ring gear (19r) of a 
planetary gear (19). After the vehicle has started driv- 
ing, the input clutch (6) is engaged and the internal 
engine (1) is started. The vehicle is driven while the 
motor/generator (2) assists driving or the motor/genera- 
tor (2) charges batteries based on operation of the inter- 
nal engine (1). 
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Description 

BACKGROUND OF THE INVENTION 
1. Field of Invention 

[0001 ] The invention relates to a hybrid drive system 
which drives a vehicle using an internal engine and a 
motor/generator. More specifically, it relates to a hybrid 
drive system using an infinitely variable transmission 
(IVT). 



Therefore, as discussed, another drive system is 
needed. Further, the clutch is needed to perform slip 
control at the start of vehicle movement because the 
CVT can not shift from rotation 0. Such a system is 
5 more complicated. Further, the reliability of the hybrid 
driving system is decreased, based on the durability of 
the clutch, due to the slip. 



SUMMARY OF THE INVFNTION 



[0002] A conventional hybrid drive system using a 
continuously variable transmission (CVT) is proposed 
as described in Japanese Patent Publication Laying- 
Open No. 9-71138. In this system, an engine and a 
motor/generator are directly connected to each other 
via a damper. Further, the output shafts of the engine 
and the motor/generator are connected to an oil pump 
and the CVT via a forward-reverse change mechanism 
having a forward clutch and a reverse brake, and further 
connected to vehicle wheels via gears and so on. 
[0003] When the vehicle is stopped at, for example, an 
intersection, the engine is stopped in order to improve 
fuel consumption, and engine surging or reviving is pre- 
vented by performing a regenerative control to the 
motor/generator. 

[0004] In this conventional system, the motor/genera- 
tor is operated as a starter-motor at the engine start, 
and after engine is started, the vehicle is moved by 
engaging, for example, the forward clutch after waiting 
for an increase in the hydraulic pressure created by the 
oil pump. 

[0005] Therefore, the vehicle can not be moved by the 
motor/generator when the engine is stopped. As a 
result, it is difficult to improve the fuel consumption and 
to reduce the exhaust gases in, for example, a town 
area in which the vehicle is started and stopped repeat- 
edly. 

[0006] The vehicle is slow to start moving at the 
restart because the engagement of the forward clutch 
and a shift operation of the CVT are performed after the 
hydraulic pressure is increased according to the rotation 
of the oil pump which is operated by the engine. 
[0007] When the engine is stopped during a vehicle 
stop, the auxiliary equipment can not be operated. Even 
if an electric motor, separate from the described driving 
system, such as a motor/generator arranged to drive 
the auxiliary equipment and the oil pump is provided, 
another driving system is needed, the vehicle cost is 
increased, and the system becomes complicated. 
[0008] Further, even if vehicle movement by the 
motor/generator, without using the engine, is made pos- 
sible by interposing a clutch between the engine and the 
motor/generator, when the clutch is disengaged, the oil 
pump and the auxiliary equipment can not be operated. 



[0009] Therefore an object of the invention is to pro- 
vide a hybrid drive system solving the aforementioned 
problem by using an infinitely variable transmission 
(IVT) which can have a neutral position and can shift 
15 from rotation 0. 

[001 0] In order to achieve the aforementioned object 
the hybrid drive system comprises an internal engine, a 
motor/generator which rotates and uses or generates 
electric energy, and an infinitely variable transmission, 
20 which comprises a continuously variable transmission 
arranged between a primary shaft and a secondary 
shaft and shifting the torque ratio between the shafts 
continuously, a planetary gear unit comprising a first 
rotational element interlocking with a primary side of the 
25 continuously variable transmission, a second rotational 
element interlocking with a secondary side of the con- 
tinuously variable transmission, and a third rotational 
element composing rotations of the first rotational ele- 
ment and the second rotational element in a state where 
30 a torque circulation occurs and provides an output to 
driving wheels, and which performs a neutral control 
self-converging in order that the third rotational element 
is in a neutral position and a shift control shifting contin- 
uously from the neutral position to the continuously var- 
35 iable transmission. In the hybrid drive system, the 
outputs from the motor/generator and/or the internal 
engine is transmitted to the driving wheels via the infi- 
nitely variable transmission. 

[001 1] An input clutch is arranged between the output 
40 shaft of the internal engine and the rotor of the 
motor/generator. The rotor of the motor/generator inter- 
locks with an oil pump. 

[001 2] The vehicle is started by the torque from the 
motor/generator with the input clutch disengaged and 
45 the infinitely variable transmission is moved to the neu- 
tral position and the oil pump is driven by the motor/gen- 
erator when the vehicle is stopped. 
[001 3] The vehicle is driven by the power of the inter- 
nal engine upon engagement of the input clutch, and 
so the power of the internal engine is assisted by the out- 
put from the motor/generator or electricity is generated 
by the motor/generator. 

[0014] The motor/generator is arranged on the pri- 
mary shaft, the input clutch is arranged in a bore side of 
55 the rotor of the motor/generator, and the oil pump is also 
arranged on the primary shaft. 

[001 5] The rotor of the motor/generator interlocks with 
auxiliary equipment of the vehicle. 
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[00161 The motor/generator is arranged on the pri- 
mary shaft, another shaft interlocks with the auxiliary 
equipment, and is different from the driving system of 
the primary shaft, so that the another shaft is dnvingly- 
connected with the primary shaft. A clutch is arranged 
between the rotor of the motor/generator and the auxil- 
iary equipment. 

[0017] The vehicle is started by the torque from the 
motor/generator during the period when input clutch is 
disengaged, and the infinitely variable transmission is 
moved to the neutral position and the auxiliary equip- 
ment is driven by the motor/generator when the vehicle 

[OOlsT^The oil pump interlocks with the rotor of the 
motor/generator and the output shaft of the internal 
engine, and the oil pump is driven by one of the 
motor/generator and the internal engine. The output 
shaft of the internal engine and the oil pump are mter- 
locked with each other via a one-way cute... and the 
rotor of the motor/generator and the oil pump are 
directly interlocked with each other. 
[0019] The motor/generator and the oil pump are 
arranged on the primary shaft and interlocked^ another 
shaft, different from the primary shaft, .nterlocks wrth the 
output shaft of the internal engine via a one-way clutch. 
[0020] The auxiliary equipment interlocks with the 
rotor of the motor/generator and the output shaft of the 
internal engine, and the auxiliary equipment is driven by 
one of the motor/generator and the internal engine. 
[0021] The output shaft of the internal engine inter- 
locks with the auxiliary equipment via a one-way clutch, 
and the rotor of the motor/generator directly interlocks 
with the auxiliary equipment. 

[0022] The another shaft interlocks with the auxiliary 
equipment and is different from the driving system, such 
as the primary shaft. One end of the another shaft inter- 
locks with the rotor of the motor/ generator, and the 
other end of the another shaft interlocks with the output 
shaft of the internal engine via a one-way clutch. 
[0023] The another shaft can also be different from the 
primary shaft and the secondary shaft, with the 
motor/generator arranged on the another shaft, and the 
another shaft interlocks with the primary shaft 
[0024] The auxiliary equipment is arranged to inter- 
lock with the rotational elements of the inf initely variable 
transmission except for the third rotational element. 
[0025] According to the invention, a vehicle is stopped 
in a state where the infinitely variable transmission is in 
the neutral position as the motor/generator rotates. 
Therefore, the oil pump and others can be driven with- 
out arranging an exdusive driving source. As a result, a 
feel of delay does not occur at the vehicle start. 
[0026] When the vehide is stopped and when the 
oower required for driving a vehicle is small, for exam- 
ple when the vehicle is in a state just after the vehicle 
start the internal engine remains stopped by disengag- 
ing the input clutch. Therefore, fuel consumption is 
improved, the exhaust gas is cleaned, and the 



motor/generator is started wrth a low load or almost no- 
load For example, in the case where a brushless DC 
motor is used as the motor/generator, it is possible that 
an expensive rotor position detection sensor is not 
5 needed. 

[0027] The oil pump is always driven with a simple 

maST The vehicle is effectively started by the power 
of the motor/generator based on a large deceleration 
w ratio of the infinitely variable transmission without rotat- 
ing the internal engine. Thus, the start control can be 
performed quickly because the oil pump is always 
driven while the vehicle is stopped. 
[0029] The internal engine is kept in a good efficiency 
,s state the vehicle is driven by controlling the motor/gen- 
erator and the infinitely variable transmission properly. 
Therefore, fuel consumption is improved and the 
exhaust gas is cleaned. The vehicle can be started with- 
out slip control for the input clutch by the shift from the 
20 neutral position of the inf initely variable transmission. 
[0030] A hybrid drive system having a simple structure 
is achieved. Further, the primary shaft can be short- 

[0031 ] The auxiliary equipment is always driven by a 
25 simple structure without an another power source. The 
auxiliary equipment is driven by the primary shaft, but 
the primary shaft is not required to be long and large. 
The load of the motor/generator at the motor/generator 
start is further reduced and a sensor for the motor/gen- 
30 erator is not needed. 

[0032] The vehicle is started effectively by the power 
of the motor/ generator, and the auxiliary equipment, 
such as a compressor for an air conditioner and/or a 
pump for power steering, is always driven even when 
35 the vehicle is stopped. 

[0033] The start control and other actions are per- 
formed without delay by driving the oil pump using the 
internal engine in the case where a charge of the bat- 
tery is insufficient (fail-safe operation). Further, the fail- 
40 safe operation is achieved without causing the primary 
shaft to be long and large and using a simple and com- 
pact structure. 

[0034] The auxiliary equipment is driven by the inter- 
nal engine in the case where the charge of the battery is 
45 insufficient (fail-safe operation). Further, the fail-safe 
operation is achieved with a simple and compact struc- 

15)035] The hybrid drive system is axially shortened 
and the vehicle space required is reduced. 



pr.pp nFRCRIP™ M r>F THE nRAWINGS 

[0036] The invention will be described in conjunction 
with the following drawings in which like features are 
55 designated with like reference characters, and wherein: 

FIG.1 is a schematic illustration showing a hybrid 
drive system of first embodiment of the invention; 
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FIG.2 is an elevational section view showing the 
infinitely variable transmission (IVT); 
FIG.3 is a velocity diagram; 
FIG.4 shows an engagement state of each clutch- 
FIG.5 shows a change in the output torque from the s 

re,ated to a torque ratio of a belt type continu- 
ously variable transmission (CVT); 

F ,'?u 6 3 Chan9e 01 * B outout station speed 
of the IVT related to the torque ratio of the CVT 
FIG.7 is a schematic illustration showing a hybrid u 
drive system of a second embodiment; 
FIG.8 is a schematic illustration showing a hybrid 
drive system of a third embodiment; 
FIG.9 is a schematic illustration showing a hybrid 
drive system of a fourth embodiment; and 15 
FIG.10 is a schematic illustration showing a hybrid 
drive system of a fifth embodiment. 



o ED DF8CRIPTION OF PRFFERRF " ™»™ 

20 

l 0 °?y ,J?* invention wi " bec °™ more apparent from 
a detailed description of preferred embodiments with 
reference to the accompanying drawings 
10038] Fig. i shows an outline of a hybrid drive system 2S 
for a vehicle having an internal engine 1. such as a 
gasoline engine or a diesel engine, and a motor/gener- 
ator 2. such as a brushless DC motor. For example a 
DC series motor or an induction motor can be used as 
the motor/generator 2. 3o 
[0039] The engine output shaft 1a of the internal *° 
engine 1 is connected to a shaft 4 via a flywheel 3 and 
* da tt m P er 5 ; ^ input clutch 6 is interposed between the 
shaft 4 and the rotor 2a of the motor/generator 2 Fur- 

ST*"? f WWCh iS a " 9ned witn the e "9ine 35 
output shaft 1 a and the center shaft of the rotor 2a and 
connected to the rotor 2a. is connected to the rotation 
side 10a of an oil pump 10. A primary pulley 7 of a belt 
type continuously variable transmission (CVT) 11 j S 
arranged on the primary shaft 8. A sprocket 13 is rotat- « 
ably supported on the primary shaft 8 via a low clutch 

taJSjJT? T^ 8 iS Sh ° rtened by arran 9 in 9 
input clutch 6 in the bore side of the rotor 2a of the 
motor/generator 2. 

[0040] A secondary shaft (second shaft) 15 is 4s 
arranged in parallel with the primary shaft 8. A second- 
ary pulley 9 of the CVT 1 1 . a simple planetary gear 1 9 
an outout gear 21. and a sprocket 20. interlocked to the 
sprocket 13 via a chain 22. are arranged on the second- 
ary shaft 15. The planetary gear 19 and the CVT 11 so 
form an infinitely variable transmission (IVT) 18 com- 
prising a gear neutral (GN) position discussed below 
10041] Further, a counter shaft 23 is provided A larqe 
gear 25. engaged with the output gear 21 supported on 
the secondary shaft 15. and a small gear 26 are inte- ss 
grally f,xed on the counter shaft 23. The small gear 26 is 
engaged with a gear 30 connected to a differential car- 
rier of a differential device 29. The differential device 29 



outputs a differential rotation to front axle shafts 311 31r 
connected to left and right front wheels respectively. 
[0042] A sprocket (rotational element) 32. for driving 
auxiliary equipment 39. is fixed on the primary shaft 8 
between the oil pump 10 and the primary pulley 7 An 
auxiliary equipment driving shaft 33 is arranged in par- 
age! with the primary shaft 8. A chain 36 is over wrapped 

SETS! 3 T?" 35 ftMd 00 0ne «* of driving 
shaft 33 and the sprocket 32 for driving the auxiliary 
o equ.pment'39. A chain 41 is over wrapped between a 
sprocket 37 fixed on the other end of the driving shaft 33 
and a sprocket 40 fixed on the input shaft of the auxiliary 
equipment 39. The auxiliary equipment 39 includes for 
example, a water pump for cooling the internal engine. 
• an alternator for a low tension battery used for the 
engine start (the voltage differs greatly from the voltage 
of the battery for driving based on the motor/generator 
2. i.e. the voltage of the low tension battery is 12V and 
the voltage of the battery for driving is 300V). a com- 
pressor for an air conditioner, and a pump for power 
steering. These devices are driven by the rotation of the 
primary shaft 8 via a transmission device 42 Other 
transmission devices, such as gears and belts, can be 
used as the transmission device 42. 
[0043] An infinitely variable transmission (IVT) 18 

SSSSI^V 11 andthe p,anetary 9ear 19 

be described with reference to Figs. 2-6. The details of 
n h !,,2 Sucn as the supporting hydraulic system, is 
ncluded in prev,ously filed Japanese patent publica- 
tions laying-open Nos. 8-261303. 8-326860 and 9- 

SyTefo^ 

E^i, 1/ r ? a u'° n 01 3 COnStant s ? eed transmission 
St £ r ! h cornDrises ^e sprocket 13 connected 
to the outout side of the low clutch C L . the chain 22 and 

Ul. , ' * com P nses the primary pulley 7. sec- 
ondary pulley 9 and the belt 43. are synthesized so that 
a torque circulation, or torque path, occurs at the plane- 

ZZSZ ia The p,anetary 9ear 19 is a * n9,e K£ 

Dietary gear comprising a sun gear 19s. a ring gear 

In J 19C r ° tatably "Wrtm * pinion ti 

engaged with the sun gear 19s and the ring gear 19r 

15 f„ Un 198 iS 0Dnn «* d to the secondary pulley 
eleme^ Z V 95 9 second ^SZ 

aiT J?' ^ ? 9 9ear 19r iS connet =ted to the output 
gear 21 and structured as a third rotational element 

cTnsJnT'L^ ^ C ° nneCted t0 the Spr0cket 20 of toe 
constant speed transmission system 16 and structured 
as a first rotational element. 

[0045] The hydraulic actuators 7c. 9c. for the primary 
pulley 7 and the secondary pulley 9 respectively. con? 
prise partition members 45. 46; cylinder members 47 
49. which are fixed on the stationary sheave bosses 
7a, . 9a, : drum members 50. 51 and second piston 
f 53 WhiCh ^ ,ixaJ on < he «** STE 
Z^wf * 9b ' respective| y- partition 
members 45. 46 are fitted oil-tightly in the respective 
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second piston members 52. 53. The second piston 
members 52. 53 are fitted oil-tightly in the respective 
cylinder members 47, 49 and on the respective partition 
members 45. 46 to provide the hydraulic actuators 7c 
9c double piston (or double chamber) structures which 
comprise first hydraulic chambers 55. 56 and second 
hydraulic chambers 57. 59. respectively. 
[0046] The first hydraulic chamber 55. 56 in the 
respective hydraulic actuator 7c. 9c form piston faces at 
the backs of movable sheaves 7b. 9b. Their effective 
pressure receiving areas are equalized at the primary 
side and at the secondary side. In the primary side and 
secondary side stationary sheave bosses 7a 1; 9a n . 
there are formed oil passages communicating with the 
first hydraulic chambers 55. 56 and oil passages com- 
municating with the second hydraulic chambers 57. 59. 
respectively. Pre-loading springs 65, 66 are provided for 
urging the primary side and secondary side movable 
sheaves 7b. 9b. respectively, toward the stationary 

SotT Tteoperation of the IVT 18 will be described 
with reference to Figs. 2-4. The rotations of the internal 
engine 1 and/or the motor/generator 2 are transmitted 
to the primary shaft 8. In a low mode of a D range m 
which the low clutch C L is engaged and a high clutch C H 
is disengaged, the rotation of the primary shaft 8 is 
transmitted to the primary pulley 7 and. further, to the 
carrier 19c of the planetary gear 19 via the constant 
speed transmission system 16 comprising the primary 
side sprocket 13. the chain 22 and the secondary side 
sprocket 20. The rotation of the primary pulley 7 is con- 
tinuously varied by controlling the pulley ratio of the pri- 
mary 7 and secondary 9 pulley using the hydraulic 
actuators 7c. 9c. to be discussed below, and the varied 
rotation is transmitted to the secondary pulley 9. and 
further the shifted rotation of the secondary pulley 9 is 
transmitted to the sun gear 19s of the planetary gear 19. 
[0048] In the planetary gear 1 9. as shown in the veloc- 
ity diagram of Fig.3, the carrier 19c, to which the con- 
stant speed rotations are transmitted through the 
constant speed transmission system 16. acts as a reac- 
tion element, and the continuously variable rotations 
from the CVT 11 are transmitted to the sun gear 19s. 
The rotations of the carrier 19c and the sun gear 19s 
are synthesized and transmitted to the output gear 21 
through the ring gear 19r. At that time, the torque circu- 
lation occurs in the planetary gear 19 because the out- 
put gear 21 is connected to the ring gear 19r. which is a 
rotational element other than the reaction supporting 
element. The gear 21 rotates in forward (Low) and back- 
ward (Rev) directions across the zero rotation because 
the sun gear 19s and the carrier 19c rotate in the same 
direction That is. on the basis of the torque circulation, 
the torque is transmitted, during the forward rotations, 
from the secondary pulley 9 to the primary pulley 7 and 
during the backward rotations, from the primary pulley 7 
to the secondary pulley 9. . 
[0049] In a high mode, in which the low clutch C L is 



disengaged and the high clutch C H is engaged, the 
transmission to the planetary gear 19 via the constant 
speed transmission system 16 is disconnected so that 
the planetary gear 19 is brought into an integrally rotat- 
5 ing state by engaging the high clutch Ch- As a result, the 
rotations of the input, or primary, shaft 8 are transmitted 
to the output gear 21 exclusively via the CVT 11 and the 
high clutch C H . That is. the CVT 1 1 transmits the power 
from the primary pulley 7 to the secondary pulley 9. Fur- 
t0 ther. the rotations of the output gear 21 are transmitted 
to the differential unit 29 via the gears 25. 26 of the 
counter shaft 23 and then to the left and right front 
wheels via the left and right axles 31 1. 31 r. 
[0050] As shown in the velocity diagram of Fig.3. in the 
is output torque diagram of Fig.5 and in the output RPM 
diagram of Fig.6, in the low mode, the sun gear 19s 
rotates at the maximum when the CVT 1 1 is at the limit 
(the O/D end) in the acceleration direction. On the basis 
of this, the ring gear 1 9r is rotated backward of the rota- 
20 tions of the carrier 1 9c at a constant RPM. and the back- 
ward rotation (REV) is transmitted to the output gear 21 . 
When the CVT 11 is varied in the decelerating (U/D) 
direction, the RPM of the backward rotation is 
decreased to establish a neutral position (NEU). in 
25 which the RPM of the output gear 21 is zero, at a prede- 
termined pulley ratio determined by the gear ratio 
between the planetary gear 19 and the constant speed 
transmission system 16. Further, when the CVT 11 is 
varied in the decelerating (U/D) direction, the ring gear 
30 19r is switched in the forward direction so that the for- 
ward rotations are transmitted to the output gear 21 . At 
that time, the torque of the output gear 21 in finitely con- 
verges toward but never reaches the neutral position 
NEU shown in Fig.5. 
35 [0051] Then, when the CVT reaches the end of the 
decelerating (U/D) direction, the high clutch C H is 
engaged to switch to the high mode. In the high mode, 
the output rotation of the CVT 1 1 is transmitted as it is to 
the output gear 21 so that it becomes a parallel line as 
40 indicated with b in the velocity curve of Fig.3. Then, as 
the CVT 1 1 is shifted in the accelerating (O/D) direction, 
the rotation of the output gear 21 is changed into the 
accelerating direction so that the transmission torque is 
reduced accordingly. X in Fig.3 designates a ratio 
45 (Zs/Zr) between the tooth number Zs of the sun gear 
and the tooth number Zr of the ring gear. 
[0052] In a parking range P and in a neutral range N 
shown in Fig. 4, both the high clutch C H . and the low 
clutch C L are disengaged to cut the power from the 
so internal engine 1 . At that time, in the parking range P. 
the differential unit 29 is locked to lock the axles 311. 

31r - _ -, , 

[0053] The boss . of the stationary sheave 7a of 
the primary pulley 7 is engaged with spline on the pri- 
55 mary shaft 8. and the movable sheave 7b is axially mov- 
ably supported on the stationary sheave boss la,. The 
movable sheave 7b is moved by a hydraulic actuator 7c. 
In the secondary pulley 9. the stationary sheave 9a is 



5 
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structured integrally with the secondary shaft 15 The 
movable sheave 9b is axially mov-bly supported on the 
stationary sheave 9a. The movatne sheave 9b is moved 
by a hydraulic actuator 9c. 

[0054] Then, when the vehicle is in D range or R range 
and the vehicle speed is lower than a predetermined 
velocity and the accelerator pedal is released, a gear 
neutral signal is output from a control unit, the first 
hydraulic chambers 55. 56 in the hydraulic actuators 7c 
9c of the primary and secondary pulleys are applied 
with hydraulic pressures and the hydraulic pressures 
are relieved in the second hydraulic chambers 57 59 so 
that the axial forces of the pulleys 7. 9 are substantially 
equalized. That is, the difference between the primary 
and secondary pulleys 7, 9 is controlled either to a value 
smaller than the axial force difference, which is deter- 
mined by the input torque and the pulley ratio of the CVT 
1 1 at the instant of the positive output torque direction 
of the pulleys while the difference does not become 
negative, or to such a value smaller than the axial force 
difference, which is determined by the input torque and 
the pulley ratio of the CVT 1 1 at the instant of the nega- 
tive output torque direction, of the pulleys while the dif- 
ference does not become negative. 
[0055] A force F N causes the CVT 11 to self-converge 
from the forward or backward region to the gear neutral 
(GN) point. Then, when the GN point is reached and 
maintained, the IVT 18 is moved into a no-load state or 
a state infinitely close to the no-load state. The CVT 1 1 
itself is driven toward a state where the primary 7 and 
secondary 9 pulleys are balanced by the belt tension 
that is. where the pulley ratio is at 1 .0. so that a force F A 
is directed toward the pulley ratio 1.0. As a result simul- 
taneously as the CVT 1 1 moves to the GN point so that 
the IVT 18 takes the no-load state, the force F A with 
which the CVT 1 1 moves toward the pulley ratio of 1 0 
occurs. The force F A toward the pulley ratio of 1 0 in the 
no-load state of the CVT 1 1 and the force F N toward the 
P°' nt in tne 'oad state of CVT 1 1 and no-load state 
of the IVT 18. as established when the CVT 11 is 
brought out of the GN point by the force F A . come into 
the vortex state, so that forward creep torque occurs 
[0056] In D range, the low clutch C L is engaged and 
the second hydraulic chamber 59 of the secondary side 
is applied with the hydraulic pressure gradually while 
the first hydraulic chambers 55, 56 of the primary and 
secondary sides are applied with the predetermined 
pressures so that the pulley ratio varies from the gear 
neutral (GN) point in the direction of under drive (U/D) in 
which the effective radius of the secondary pulley 9 is 
increased. In this state, the torque, which is transmitted 
from the primary shaft 8 to the carrier 19c of the plane- 
tary gear 19 via the low clutch C L and the constant 
speed transmission system 16. is output to the output 
gear 21 via the ring gear 19r while the torque is limrted 
by the CVT 1 1 having a predetermined pulley ratio via 
the sun gear 19s. 

[0057] When the CVT 1 1 reaches a predetermined 



S " low C L is disengaged and the 

high clutch C H is engaged, the CVT 11 is changed so 
that the hydraulic pressure is applied to the second 
hydraulic chamber 57 of the primary side. In this state 

5 ?wT^° f - Primary Shaft 8 is pr °P er| y ™«* by 
the CVT 1 1 , ,n which the torque is transmitted from the 
primary pulley 7 to the secondary pulley 9 and is 
extracted from the output gear 21 via the high clutch C H 
The down shift is performed with the opposite hydraulic 
w control. The down shift in the low mode is prohibited 
mechanically when the pulley ratio is lower than a pre- 
determined value. 

[0058] in R range, the low clutch C L is engaged, and 
the second hydraulic chamber 57 of the primary side is 
is applied with the hydraulic pressure gradually while the 
first hydraulic chambers 55. 56 of the primary and sec- 
ondary sides are applied with the predetermined pres- 

STS 1? p . u,ley ratio from the 9ear n ^ ral 

^ £ L .!? d ' reCtion of over drive ( Q/D ) ^ which 
so the effective radius of the primary pulley 7 is increased 
In this state, the rotations of the constant speed trans- 
mission system 16 and the CVT 1 1 are synthesized at 
the planetary gear 19. and the reverse rotation is 
extracted from the output gear 21 because the constant 
25 speed rotation is faster than the variable rotation 

[0059] Next, the operation of the hybrid drive system 
of the first embodiment will be described with reference 
to Fig. 1. 

[0060] When a vehicle is in a driving (system starting) 
so state by turning on an ignition switch, current is provided 
to the motor/generator 2 causing it to rotate so that the 
primary shaft 8 is rotated. As a result, the oil pump 10 is 
driven, and the auxiliary equipment 39 is driven via the 
transmission device 42. At that time, the input clutch 6 is 
!" flo d ' sen 9 a 9 in 9 state, the IVT 18 is in the gear neu- 
tral (GN) state, then the primary shaft 8 is in a low load 
state for driving only the auxiliary equipment 39 and the 
oil pump 10. 

[0061] A brushless DC motor, having a permanent 
40 magnet as the rotor 2a. is used as the motor/generator 
♦ f ™ a " armatur e is used as a stationary element (sta- 
ler) 2b. The rotational speed, for example, is controlled 
by control elements, such as a power MOS-FET IGBT 
or S transistor used as choppers. In the brushless DC 
45 motor, the control, in which a position of a rotational 
magnetic field and a position of the rotational element 
are detected and a current is sent to each pole with a 
proper timing, is needed. When the rotational speed is 
faster than a predetermined rotational speed, the oosi- 
so tons are detected by a current waveform and it is possi- 
ble to control the rotational speed properly by closed- 
loop control. In a low rotation state, for example at the 
start, generally, it is necessary to detect the position of 
the rotor 2a using a rotational position detecting means 
55 (sensor), such as a resolver. 

[0062] At the start of the motor/generator 2, the motor 
has only a light load from the auxiliary equipment 
Therefore, it is not necessary to detect the position of 



BNSDOCID: <EP 0908343A2_I_> 



11 



EP 0 908 343 A2 



12 



the rotor correctly. That is. the motor is rot ated as a tnjj 
rotation, the brushless DC motor can be started after 
detecting the rotor posUon using a tnal rotation As a 
result, the rotational position detecting means, which ns 
expensive and is needed in the prior art. « not needed. 
[0063] In the case a vehicle must repeatedly be 
equired to start and stop (such as in a town), the vehi- 
cle is started by the torque of the motor/generator 2 
while the input clutch 6 is disengaged. At ^m^e 
IVT 18 is in a state close to the gear neutral (GN) point 
and has a high torque ratio (with reference to Fig.5). 
Therefore, the vehicle is started easily by using the h.gh 
motor efficiency of the motor/generator 2. 
100641 Further, in a motor operating region related to 
he charging capacity ol the battery, the input clutch 66 
engaged at a rotational speed wrth which the 
motor/generator 2 generates the maximum torque and 
the internal engine 1 is started. At that tame, a the start 
at which the m 1 8 is close to the GN point, the orque 
ofthemotor/generator2islimrtedsothatthelVT18has 
the maximum torque within a limited safe torque range 
of the IVT 18, i.e. outside the safe torque range tfie IVT 
18 may suffer damage. Then, the pulley ratio oT the bert 
type CVT 11 is controlled so that the motor achieves a 
target rotation. Then, the motor/generator 2 assists the 
internal engine 1 in a region, in which an engine effi- 
ciency is low. related to the battery ch.vg.ng capacity. 
Then further, a region, in which the motor efficiency is 
good is used frequently so that a fuel consumption .s 
increased and an exhaust gas is cleaned. 
r00651 The operations of engagement and disengage- 
ment for the input clutch 6. the low clutch ^"JJJ. 
high clutch C H by the hydraulic pressure and the vara 
ble operation for the hydraulic actuator 7c. 9c of the CVT 
1 1 are not delayed even when the engine 1 is stopped, 
because the oil pump 1 0 is drhran by ^otor^enera- 
tor 2 so that the operations are performed immediate^. 
[0066] In the case where the charge of the battery for 
driving is enough, it is possible to drive with orrty the 
motor/generator 2 while the internal eng.ne 1 .s stopped 
and the input clutch 6 is disengaged. 
[00671 When the vehicle is stopped by. for example 
operating the brake, the motorVgenerator 2 is operated 
as a generator (regenerative brake), and the motor/gen- 
erator 2 generates an electric power in consideration of 
a needed brake force. At that time, only the first hydrau- 
lic chambers 55. 56 of the primary 7 and ^ 
9 pulleys are applied with the predetermined hydraulic 
pressures so that the IVT 18 is self-converged toward 
the GN point. The input torque of the IVT 18 is 
increased by controlling the output torque of the 
motor/generator 2 so that the seH-convergence toward 
the GN point is achieved quickly. As a result, the vehicle 
can be brought to a rapid stop, such as in rapid braking. 
The increase in the speed of the self-convergence 
toward the GM point by the input torque control for the 
IVT 18 is performed easily and correctly, compared wrth 
the torque control for the internal engine, by the 



motor/generator 2. Therefore, even when the rapid 
brake is operated, the IVT 18 can be moved to the GM 
point absolutely and kept in that state. 
[00681 When the vehicle is in a decelerating state in 
5 which an engine brake is operated, that is in anegabve 
driving state, the motor/generator 2 is controlled so that 
the vehicle is in a positive driving state (in which the 
power is transmitted from the power source to the vehi- 
cle wheels). Therefore, it is not possible to operate the 
w large engine brake caused by the IVT 18 taking a very 
large gear ratio. 

[00691 Another embodiments will be described with 
reference to Figs.7-10. The same portions as found in 
the hybrid drive system shown in Fig.1 are identified by 
is the same notations and reference numerals, and 
detailed descriptions are omitted. 
[0070] Fig.7 shows a second embodiment in which a 
clutch C P is interposed in the transmission device 42 
transmitting to the auxiliary equipment 39. Specially. 
so the clutch C. is interposed between the sprocket 35 and 
the shaft 33. 

[0071 ] In the first embodiment, the motor/generator 2 
is started while a low load is applied by the auxiliary 
equipment 39. In this embodiment, the motor/generator 
25 2 is started while the clutch C P is disengaged. There- 
fore, the motor/generator 2. comprising a brushless DC 
motor, is started in an almost no load state in which the 
low load by the auxiliary equipment 39 is not applied 
and only the oil pump 10 is operated. As a result the 
30 rotor position detecting means (sensor), which is 
needed in the prior art at low rotations, such as the 
start, is even less necessary. 

[0072] Fig 8 shows a third embodiment incorporating 
apower transmission line with which the engine 1 drives 
35 the auxiliary equipment 39. A sprocket 71 is connected 
to an output shaft extending from the other side of the 
engine 1 than the motor/generator side via a one-way 
clutch 70. Further, the sprocket 71 and a predetermined 
part such as the sprocket 37 of the transmission device 
40 42 for driving the auxiliary equipment, are interlocked by 
over-wrapping with a chain 72. The sprocket 37 is a 
double sprocket for chains 41, 72. 
[0073] Therefore, the auxiliary equipment 39 has a 
power transmission line from the motor/generator 2 via 
45 the transmission device 42 (sprocket 32. chain 36 
sprocket 35. shaft 33. sprocket 37, chain 41 and 
sprocket 40) and a power transmission line from the out- 
put shaft 1b of the internal engine 1 via the one-way 
clutch 70 (sprocket 71 . chain 72. sprocket 37. chain 41 . 
so and sprocket 40). The auxiliary equipment 39 is driven 
by the faster rotations of the motor/generator 2 and the 
engine 1. That is. when the rotation of the engine output 
shaft 1b is slower than the rotation of the sprocket 71 
which is transmitted from the motor/generator 2 via the 
55 transmission device 42. the one-way clutch 70 is freed 
and the auxiliary equipment 39 is driven by the 
motor/generator 2. When the rotation of the eng.ne out- 
put shaft 1b is faster than the rotation of the sprocket 71 . 
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USE dUtCh 70 iS '° Cked and the auxi,iar y equip- 
ment 39 is driven by the internal engine 1. 
[0074] Further, because the transmission device 42 is 
ateo interlocked with the oil pump 10 via the sprocket 32 
and the primary shaft 8. the oil pump 1 o is driven by one 
2JXT"t r/9enerat0r 2 and the in ^rnal engine 1. At 

wav 25, h 6 ° n tr y dUtCh 70 ° perates in the same 
way as for drive of the auxiliary equipment 39. 

ETS ♦ ^k 0888 Wh6re th6 motor/ 9enerator 2 can 
not be started because the (high tension) battery for 

Jmr d,sc, : ar r' the interna ' en9ine 1 * s 

he starter motor by the low tension (12V) battery which 
■s charged by the alternator of the auxiliary e^pment 
39. Then, the rotation of the engine output shaTJbTs 
transmitted to the auxiliary equipment 39 via the one 
way clutch 70. the sprocket 71. the chain 72 the 
sprocket 37. the chain 4! and the sprocket 40 ' and 
transmitted to the primary shaft 8 via the transmission 
device 42 (33. 35. 36. 32) so that the oil pump To fe 
dnven At that time, the motor/generator 2 is noL the 
generating state and is raced. 

[0076] In this state, the hydraulic pressure is obtained 
by dnvmg the oil pump 10 and the input clutch 6 is 
engaged so that the torque of the internal engine 1 is 
transmitted to the primary shaft 8 via the flywheel 3 the 
damper 5. the input clutch 6 and the rotor 2a of the 
motor/generator. The IVT 18 is controlled so that the 
actual rotation of the interna, engine 1 achieves a target 
baS6d ° n a ™*™ PO-er curve or 
a minimum fuel consumption curve. Further the 
mo or/generator 2 is operated as the generator' in a 
2 " h H av,n 9 a Sood efficiency so that the (high ten- 
sion) battery for driving is charged. At that time the rota- 
tion of the internal engine 1 drives the auxiliary 
equipment 39 via the transmission device 42 by engag 
Jree^te nPUt 6 ^ ** c,utcn 70 * 

mS, Fi9 V hOWS 3 foUrtn embodim ent arranging the 
22?T£ B £ 2 °" 3 different Shaft than the PriSarJ 
ntrv shttt « U ?H Shaft?4, Wh ' Ch iS different frommepn? 
S A 1 the secondary sha « 15 and the counter 
fho J ' '! r an9ed in P 3 ™" 6 ' With shaft s 8. 1 5. 23 
the rotor of the motor/generator 2 is fixed to the shaft 74* 
and a sprocket 75 is fixed to the shaft 74. Further the 
transmission device (not shown) for driving the auxiliary 
equipment 39 is connected to the shaft 74. A sprocket 
76 is fixed to the primary shaft 8 and the sprocket 76 
fnn J,, 6 Spr ° Cket 75 are interl °<*ed by a chain 77 
[0078] Therefore, the torque of the internal engine 1 is 
transmitted to the primary shaft 8 via the damper 5 and 
the input clutch 6. and the torque of the motor/generator 
Z is transmitted to the primary shaft 8 via the shaft 74 
thfs SE? ?5 ' ^ ^ 77 and the s 0 rock * 76. In 

the shaSTjf ( m0t ° r/9enerat0r 2 is arran 9«* on 
he shaft 74 different from the first shaft 8 aligned with 

enS'in^ lt,0n ' theentiren y brid drive system is short- 
ened in the axial direction. 



10079] F,g.io shows a ffth embodiment in which the 
auxiLary equipment is driven by the secondary shaft 15 
Cs^ et 8 °,: SfiXed 00 * he 6nd of ■» seconXshS 
SoSso^th 81 is rf over - a PPe d between the 

Zt^zt ,npu1 sprocket 40 of tne «*y 

[0080] In this structure, the rotation of the motor/oen- 
erator2and/or the internal engine 1 is *ansrn7£TZ 
primary shaft 8 so that the oil pump 10 Z22Tt£ 

ed rotation is output from the output gear 21 The rota- 
te oMhe primary shaft 8 is varied properly at me CVT 

JJZ 7!2 r ° tati0n iS transmitted to » a secondary 
shaft 15. Further, the rotation of the secondarv shaft is 

15 ZT e r iliary 39 vh^SSTi 5 

le^r,^^ SProCket 4a At tha * «me. even 
when the IVT 18 is ,n the gear neutral GN state and the 
output gear 21 has stopped rotating, that is. even whe^ 

« he' c£ £ T ! * for 6Xample ' - ^-ecta 
the CVT 11 rotates the secondary shaft 15 in a orede 
term,ned triable state. Therefore" the auiiSry ^p. 

predetermmed variable state, the IVT 11 has a pulley 
ratio for maintaining the gear neutral. The predate? 

fZS T2 " r ° tati0n 31 the 96ar n^raT 
[0081] In the gear neutral state, the secondarv shaft 
15 rotates faster than the primary shaft 8. theTeSe £e 
auxrfiary equipment 39 is rotated rapidly. The sorccS 
32fordrivingtheauxi.iaryequipmem 3 9isno e arnS 
engTneTl^ 

22 ? f° r6 ' the pr,mary sna « 8 is shortened 
£ d" ecT hybnd ^ iS *™« ^ - 

3S Of 0 !! 2 * .'"'^embodiments, the belt type continu- 
Svr y r r r e transmission * ^ed as the <5vT. ZZZ 

roo^ as a t r ida,type> 030 a,so be u sed. 
[0083] In a state a vehicle is stopped at an intersec- 
ts an infinitely variable transmission is ,n a neS 
posit™, a motor/generator rotates with a lowspeeTan 

state. At that t.me. an input clutch is disengaged and 
^ interna, engine is stopped. When the vSe is 
started, a continuously variable transmission perform^ 
continuous shift control from the neutral position Z2 
au c ^ssurefromtheoi.pump. and^erotaS 
rina i°r 9 r e T h transmitted *> ^e wheels via a 
sSJTh 3 P J. anetary 9ear After 1,16 Chicle has 
started dr.v,ng. the input clutch is engaged and the 

so „lt en9,n6 " Start6d - The Vehide ^ "S Se 
SSTS? aS h SiS l drivin 9 ° r »• motor/generator 
eHg[?e att6neS ^ on °P eration of the internal 

ET2, iJr" ! f 16 3 V6hiC,e iS ^W* 1 at a " intersec- 
55 Si oTsitinn y d« * in a neu- 

55 tral posrtion. a motor/generator (2) rotates with a low 
speed, an oil pump (1 0 ) and an auxiliary equipment^ 

dtenaaS" 9 2t " ^ ^ " ^ c '^) 2 
d.sengaged. and the internal engine (1) is stopped. 
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When the vehicle is started, a continuously variable 
transmission (1 1) performs continuous shift control from 
the neutral position using hydraulic pressure from the al 
DumD (10). and the rotation of the motor/generator (2) is 
transmitted to drive wheels via a ring gear (19r) of a s 
pTanS gear (19)- After the vehicle has started drrv- 
fng te input clutch (6) is engaged and the interr*! 
engine (1) is started. The vehicle is driven while the 
motor/generator (2) assists driving or the ' mo tor/genera- 
tor (2) charges batteries based on operation of the inter 10 
nal engine (1). 

Claims 

1. a hybrid drive system, comprising: 
an internal engine ( 1 ) ; 

a motor/generator (2) which is rotatable and 
able to generate electric energy; ana 
an infinitely variable transmission (18). which a 
comprises a continuously variable transmis- 
sion (11) arranged between a primary shaft (8) 
and a secondary shaft (15) for shifting a torque 
ratio between these shafts (8. 15) continuously, 
a planetary gear unit (19) comprising a first 
rotational element (19c) interlocking with a pri- 
mary side of the continuously variable trans- 
mission (11). a second rotational element (19s) 
interlocking with a secondary side of the con- 
tinuously variable transmission (1 1 ). and a third 
rotational element (19r) composing rotations of 
the first rotational element (19c) and the sec- 
ond rotational element (19s) in a state where 
torque circulation occurs and is output to driv- 
ing wheels, the infinitely variable transmission 
(18) performing a neutral control self-converg- 
ing in order that the third rotational element 
(19r) is in a neutral position and a shift control 
shifting continuously from the neutral position 
to the continuously variable transmission, 
characterized in that: 

outputs from at least one of the motor/genera- 
tor (2) and the internal engine (1) is transmitted 
to the drive wheels via the infinitely variable 
n(18). 



2 The hybrid drive system according to claim 1. 
wherein an input clutch (6) is arranged between an 
output shaft (4) of the internal engine (1) and a rotor 
(2a) of the motor/generator (2). 

3 The hybrid drive system according to claim 2. 
wherein the rotor (2a) of the motor/generator (2) is 
interlocked with an oil pump (10). 

4 The hybrid drive system according to claim 3. 
wherein a vehicle is started by a torque from the 
motor/generator (2) when the input clutch (6) is dis- 



engaged, the infinitely variable transmission (18) is 
moved to the neutral position and the oil pump (10) 
is driven by the motor/generator (2) when the vehi- 
cle is stopped. 

5 The hybrid drive system according to claim 3. 
wherein the oil pump (10) is arranged on said pri- 
mary shaft (8). 

o 6. The ' hybrid drive system according to claim 2. 
wherein the vehicle is driven by power of the inter- 
nal engine (1) upon engagement of the input clutch 
(6) and the motor/generator (2) one of provides a 
power assist to the internal engine (1) and outputs 
is electric current. 

7 The hybrid drive system according to claim 2. 
wherein the input clutch (6) is arranged in a bore 
side of a rotor (2a) of the motor/generator (2). 

20 8. The hybrid drive system according to claim 2. 
wherein the rotor (2a) of the motor/generator (2) 
interlocks with an auxiliary equipment (39). 

25 9. The hybrid drive system according to claim 8. 
wherein the motor/generator (2) is arranged on the 
primary shaft (8). another shaft (33) which inter- 
locks with the auxiliary equipment (39) and different 
from driving system such as the primary shaft (8) is 
30 provided, and the another shaft (33) is drivingly- 
connected with the primary shaft (8). 

10. The hybrid drive system according to daim 8. 
wherein a clutch (C P ) is arranged between the rotor 

as (2a) of the motor/generator (2) and the auxiliary 
equipment (39). 

11. The hybrid drive system according to claim 8. 
' wherein a vehicle is started by torque from the 

40 motor/generator (2) when the input clutch (6) is dis- 
engaged, and the infinitely variable transmission 
(18) is moved to a neutral position and the auxiliary 
equipment (39) is driven by the motor/generator (2) 
when the vehicle is stopped. 

12 The hybrid drive system according to claim 2. 
wherein the oil pump (10) is interlocked with the 
rotor (2a) of the motor/generator (2) and the output 
shaft (1b) of the internal engine (1). and the oil 
pump (10) is driven by one of the motor/generator 
(2) and the internal engine (1). 



13 The hybrid drive system according to claim 12. 
wherein the output shaft (1b) of the internal engine 
(1) and the oil pump (10) are interlocked with each 
other via a one-way clutch (70). and the rotor (2a) of 
the motor/generator (2) and the oil pump (10) are 
directly interlocked with each other. 
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14. The hybrid drive system according to claim 13 
wherem the motor/generator (2) and the oil pump 
(10) are arranged on the primary shaft (8) and inter- 
locked, another shaft (33) different from the primary 
shaft (8) is provided, the another shaft (8) is inter- s 
locked with the output shaft (1b) of the internal 
engine (1) via the one-way clutch (70). 

15. The hybrid drive system according to claim 2 
wherein the auxiliary equipment (39) interlocks with" io 
the rotor (2a) of the motor/generator (2) and the 
output shaft (1b) of the internal engine (1) and the 
auxiliary equipment (39) is driven by one of the 
motor/generator (2) and the internal engine (1). 

16. The hybrid drive system according to claim 15, 
wherem the output shaft (1b) of the internal engine 
(1) interlocks with the auxiliary equipment (39) via a 
one-way clutch (70). and the rotor (2a) of the 
motor/generator (2) directly interlocks with the aux- 20 
iliary equipment (39). 

17. The hybrid drive system according to claim 16 
wherein another shaft (33) which interlocks with the 
auxiliary equipment (39) and is different from the 2S 
driving system, such as the primary shaft (8). is pro- 
vided, one end of another shaft (33) interlocks with 
the rotor (2a) of the motor/generator (2). and an 
opposite other end of the another shaft (33) inter- 
locks with the output shaft (1b) of the internal 30 
engine ( 1) via the one-way clutch (70). 

18. The hybrid drive system according to claim 1 
wherein the motor/generator (2) is arranged on the 
primary shaft (8). g£ 

19. The hybrid drive system according to claim 1 
wherein another shaft (74), different from the pri- 
mary shaft (8) and the secondary shaft (15), is pro- 
v.ded. the motor/generator (2) is arranged on the 40 
another shaft (74), and the another shaft (74) is 
dnvenly connected with the primary shaft (8). 

20. The hybrid drive system according to claim 1 
wherein the auxiliary equipment (39) is arranged to 45 
interlock with rotational elements (19s) of the infi- 
nitely variable transmission (18) except the third 
rotational element (19r). 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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When the vehicle is started, a continuously variable 
transmission (11) performs continuous shift control from 
the neutral position using hydraulic pressure from the oil 
pump (1 0), and the rotation of the motor/generator (2) is 
transmitted to drive wheels via a ring gear (19r) of a 
planetary gear (19). After the vehide has started driv- 
ing, the input dutch (6) is engaged and the internal 
engine (1) is started. The vehide is driven while the 
motor/generator (2) assists driving or the motor/genera- 
tor (2) charges batteries based on operation of the inter- 
nal engine (1). 
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